We studied the effect of age on the act of rising from a standard armchair in a younger ( = 24 years) and an older ( = 75 years) group of healthy adult women. Rising from a standard armchair and an armchair specially designed for comfort in sitting of the elderly was studied in the older group to determine the influence of the special chair. We used electrogoniometry, EMG, and videotape analysis to record the activity for both groups. The older group placed their feet farther back and showed greater vastus lateralis muscle activity than did the younger group to rise from the standard chair. These results suggest that rising from the standard chair was more difficult for the older than for the younger group. In the special chair, the older subjects showed even more vastus lateralis muscle activity, greater knee flexion, and greater trunk forward lean. Rising from the special chair, therefore, appeared to be more difficult than rising from a standard chair; this finding suggests that both comfort and function must be considered in chair selection for certain groups.
In 1977, people 65 years of age or older comprised 11 percent of the population of the United States; however, this group represented 29 percent of total personal health-care expenditures. 12 Continued increases in health-care costs and in the proportion of the total population formed by elderly people make it vital to ensure independence of the aged. Appropriate chair design is one factor that will facilitate independence. The objectives of this descriptive study were 1) to determine, with electrogoniometry, EMG, and videotape analysis, if a difference exists in the act of rising from a standard armchair between younger and older subjects and 2) to determine only in the older group, if differences exist in the same act when using an armchair specially designed for the elderly.
This study reports for the first time a comparison of groups rising from a standard chair and, thus, contributes to knowledge of differences between younger and older people and describes differences in this activity for older people rising from a standard chair and rising from a chair specially designed for the elderly.
METHOD
We studied two age groups (each, n = 10) of adult women volunteers. Younger subjects had a mean age of 24 years (range, 22-28 years); the mean age for older subjects was 75 years (range, 67-81 years). The younger group was taller ( =167.1 cm; range, 156.2-179.7 cm) RESEARCH than the older group ( = 160.9 cm; range, 144.0-170.2 cm) (t = 2.01, p = NS) and had a significantly lower mean body weight ( =58.1 kg; range, 48.8-77.6 kg and = 69.1 kg; range, 59.4-87.5 kg, respectively) (t = 2.41, p < .05). Subjects were excluded if they had conditions that caused strength or range-ofmotion (ROM) limitation that produced abnormal patterns of rising from a chair (eg, severe arthritis).
We recorded each subject's height, weight, and limb dominance (writing hand and foot used to kick a ball). Skin markers (4-cm diameter circles with 2-cm white centers) were taped bilaterally on the following bony landmarks: 3 cm anterior to the posterior edge of the greater trochanter, 2 cm anterior to the posterior edge of the acromion process, and the lateral femoral epicondyle. We measured femoral shaft length (greater trochanter to lateral epicondyle).
Equipment
We used 50-µm dual wire electrodes to record the activities of the vastus lateralis (VL) and the medial head of triceps brachii (MT) muscles. We used indwelling electrodes instead of surface electrodes to eliminate the action of the rectus femoris muscle, which also functions as a hip flexor and may show activity during trunk forward lean in the initial stage of rising from a chair. Burke et al showed in the cat that the same motor units span the bulk of the muscle; thus, a sample of any spot is representative of the entire muscle. 13 We used the insertion technique described by Basmajian with the electrode placement confirmed by electrical stimulation. 14 Myoelectric signals were relayed by an FM-FM telemetry system. Maximal isometric strength using standard manual muscle testing techniques for VL and MT muscles was recorded with EMG.
We recorded joint motion by a double parallelogram electrogoniometer (mean error for 0 to 90° of knee flexion was <7°). 15 Electrogoniometers were set at zero with the subject standing. Knee extension was confirmed by alignment of a straight edge with the greater trochanter (3 cm anterior to posterior edge), the lateral femoral epicondyle, and the lateral malleolus. The elbow goniometer was set similarly at zero with alignment of bony landmarks. For subjects with elbow flexion contractures (n = 2, maximum limitation 15°), the goniometer was set at maximal extension and the end ROM measured with a manual goniometer. Electrogoniometric and EMG data were stored on analog tape* with a visicorder printout. † A standard armchair and an armchair designed specifically for the elderly ‡ were used (Fig. 1) . The height and width of the seat and width between armrests were similar in measurements between the two chairs. Differences in seat depth, posterior seat slant, height of armrests, backrest incline, and clearance under front of chair were noted (Fig. 2) . Tape marks (2 cm wide and 2 cm apart) were placed on the floor parallel to the front edge of the chair and on the chair armrests as well as the seat (Fig. 3) . Subjects were positioned between a grid (a 10-by 10-cm square) and the stationary videotape system.**
Procedure
Each subject was instructed to sit back against the chair backrest and then to rise on the verbal request: "Please stand up as you normally would." Muscular activity and joint motion were recorded on one side of the body during the activity with a simultaneous videotape recording. Testing of right and left sides was randomly ordered for each subject, as was the starting chair for the elderly subjects. Three trials were recorded on each side of the body using the same procedure for both groups. The older group, however, performed trials in both chairs, a total of 12 trials with rest periods between trials. The first trial began with the subject's hands on her lap so that arm use was optional and gave us a single record of spontaneous arm use. In all subsequent trials, a standardized starting position was used with all sub- ject's hands on the arms of the chair (Fig. 3) .
The EMG was quantified and nor malized with the aid of a minicompu ter. † † To exclude the influence of a nonnormalized sample, all functional measurements obtained with one elec trode were related to the EMG obtained with maximal effort. Values for inte grated EMG (IEMG) were obtained from a series of 0.1-second samples dur ing the activity cycle and are expressed as percentages of maximum. We defined peak and average muscular activities within the cycle. The point where mus cle activity began, peaked, and ended was expressed as a percentage of the cycle.
We took measurements from the vi deotape screen at the point when the subject's buttocks began to rise from the chair. Position of the subject in the chair was calculated as ratio of supported fem oral shaft length (front of chair to greater trochanter) to total femoral length (A/P position). We measured the angle of trunk forward lean with a goniometer using the anatomical landmarks for shoulder, hip, and knee defined earlier.
Hand and foot placement measure ments were taken from chair arm and floor marks, respectively. Foot place ment in front of the zero mark (even with the front edge of the chair) was recorded as positive and behind the zero mark as negative. Maximum joint flex ion was measured from the visicorder printout.
Data Analysis
We calculated means and standard deviations for all quantitative data. The t test for paired observations was used to examine differences in mean values between sides of the body and between chairs in the older group. For clarity of results, data from both sides of the body were combined because analyses showed minimal differences. Differ ences between groups rising from the standard chair were analyzed with an analysis of covariance, with body weight as a covariate, using the General Linear Models procedure of SAS. 16 The level of significance used was p < .05.
RESULTS

Rising from the Standard Chair
The younger group did not place their feet back as far as the older group (4.2-cm difference, p < .05). Neither group moved forward in the chair before ris ing. We found no significant differences between the two age groups in hand placement, A/P position, knee flexion, or elbow flexion in rising from the stan dard chair; however, the elderly group showed greater trunk forward lean (Tab. 1). Eight younger and five older subjects used their arms spontaneously to rise from the chair during the first trial, which was the only trial with optional arm use. Two older subjects lacked full elbow extension. One with a right 10-degree limitation did not spontaneously use her arms; the other with a right 5-degree and left 15-degree limitation did spontaneously use her arms.
Both the average and peak activities of the VL muscle were greater in the older group (differences: average = 21.3%, peak = 43.2%, both p < .01). The activity cycle duration, however, did not show significant difference be tween the two age groups (Fig. 4) . Nei ther muscle demonstrated significant differences in the timing (begin, peak, or end time) of their activity between the two subject groups when rising from the standard armchair (Tab. 2). The pat terns of activity for both VL and MT muscles of the older and younger sub jects were similar although older sub jects showed greater variability in peak and average activity.
Standard versus Specially Designed Chair
When the older subjects rose from the specially designed chair, most videotape and goniometric measurements were significantly different from those meas urements when rising from the standard chair (Tab. 3). Subjects placed their feet 2.7 cm farther forward (p < .001) in the special chair and attained greater trunk forward lean during rising (11.4°; p < .001). These individuals, however, did not move forward in either chair before starting to rise. Less of the femur was supported in the special chair (4.2%; p < .01). Differences in hand placement and elbow flexion -were not significant † † Model 960A, Texas Instruments, PO Box 2500, Lubbock, TX 79408.
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between the two chairs despite the increased trunk forward lean in the special chair.
The older subjects showed significantly greater VL muscle activity when rising from the special chair than from the standard chair (differences: peak = 16.6%, p < .05; average = 13.3%, p < .01). When subjects rose from the special chair, MT muscle activity occurred earlier than that of VL muscle (differences: onset = 8.0%, p < .05; peak = 12.7%, p < .05; end = 9.9%, p < .01). With the exception of trial one (optional arm use), subjects started with their hands on the arms of the chair, and they used their arms to initiate rising from both chairs. Table 4 and Figure 4 show that MT muscle activity ceased as the hands left the armrests, and this event occurred earlier in the special chair (difference: 2.3% of cycle, p < .01).
DISCUSSION
Based on observations, we anticipated that older subjects would rise from a standard armchair differently than younger subjects and would rise differently from a chair specially designed for their age group than from a standard armchair. In the small sample studied, the special chair did not facilitate the act of rising from a chair. To the contrary, rising from this chair was a more difficult task for subjects.
Because the older subjects performed twice as many trials as the younger subjects, a fatigue effect cannot be ruled out; however, rest periods were given and the starting chair-standard or special-was randomized.
The standard chair had a 5-cm greater foot clearance than the special chair, which allowed the subjects to place their feet farther back. Open space below the chair seat should facilitate movement of the center of gravity over the feet during rising if the person is sitting back in the chair and does not move forward before rising. 3 None of the subjects in this study moved forward in either chair before rising.
Triceps brachii muscle activity reflects use of the arms to lift and propel the center of gravity forward. In the special chair, MT muscle activity commenced and peaked later but ended sooner than when subjects rose from the standard chair. Potential assistance from the abdominal or hip flexor muscles in the act of rising was not assessed. The ACTIVITY CYCLE (PERCENT) Fig. 4 . Activity cycle for vastus lateralis and medial triceps brachii muscles. As expected, MT muscle activity ceased when the hands left the armrests. Armrests, considered essential for the elderly, 17 may be used for assistance in lifting, propelling body weight forward, and balance during the activity. This use is influenced by height of the armrests relative to an individual's height and arm length. The special chair had armrests that were 10 cm lower than those in the standard armchair and 10 cm lower than the height found most suitable for patients in a recent study. 17 The lower armrests of the special chair may account for subjects' apparent necessity to lean farther forward on rising, which was attained without a larger amount of elbow flexion. Bajd et al showed on one healthy subject that increased trunk lean decreases knee torque maximum. 7 Generally, the older subjects used a greater percentage of maximum muscular activity than the younger subjects to rise from the standard chair. Strength differences between age groups may contribute to this finding. 11 A significant mean weight disparity of 11 kg existed between the two groups; however, the differences in VL muscle activity remained when we controlled for body weight. Older subjects required more force to move because they were heavier.
Few differences between dominant and nondominant sides were observed. Although recording was made one side at a time, these results suggest further studies could confine the analysis to one side alone.
The special chair design was based on data from an older age group (50-69 years). The investigators of that study, however, only made design recommendations for comfort in sitting. 18 Our findings suggest that the effect chair design will have on the functional act of rising from the seated position must be considered if independence of individuals, such as the disabled and the elderly, is to be facilitated. Failure to consider this aspect is a weakness of reported studies on chair design. Physical therapists, who are often consulted on the design of equipment to be purchased, should be aware of the advantages and limitations of such equipment to ensure that scarce funds are well-spent. Further studies are ongoing to determine if similar findings are seen in male subjects. Additional investigation may include whether "assist" mechanisms in chairs facilitate stable rising from a chair in healthy subjects and patient samples.
CONCLUSION
The implication of this study to physical therapists is that specially designed chairs for groups such as the elderly may be comfortable to sit in but may not facilitate rising from these chairs. Results also suggest that rising from the standard chair was more difficult for the older than for the younger group.
